depths ranging from 0 to 20 m by trammel nets (16-24 mm) and baits. The specimens were transferred to the laboratory in a cooling box.
The individuals were weighed with a digital scale with an accuracy of 0.01 g and measured for their carapace width with a precision of 0.01 cm. Sex distinction was made by interpreting typical characteristic forms of the abdomen (triangular in males and circular in females) and the appearance of the first 2 pairs of pleopods (modified to gonopods in males) (Wenner, 1989) .
Length-weight relationships were determined for all individuals using the equation W = aL b , where W is weight (g), L is CW (carapace width; cm) and a and b are the coefficients of the functional regression between W and L (Ricker, 1973 ).
Fulton's condition factor (C) was calculated using C = (W / CW 3 ) × 100, where CW is carapace width (cm) and W is the body weight (g) (Le Cren, 1951; Bagenal, 1968; Sparre and Venema, 1992) .
Spawning season was estimated based on observations of monthly samples for whether they carried eggs or not (Düzgüneş et al., 1998) . For determination of reproduction characteristics, eggs were weighed on a balance with a sensitivity of 0.001 g. Subsamples of ovigerous female were used for determination of reproduction period and egg developmental stages. The gonadosomatic index was calculated using the formula GSI = 100 × (GW / W), where GW is gonad weight and W is crab weight. Three basic embryonic stages were used for egg development according to Gonzalez-Gurriaran (1985) and Abello (1986) :
Stage I: Recently extruded eggs; light yellow in color, embryonic pigmentation is not visible under the binocular magnifying glass.
Stage II: Incipient pigmentation of the embryo eye; egg mass is brownish in color.
Stage III: The embryo is well-developed with wellformed eyes and other pigmentation; before hatching eggs are dark in coloration.
Fecundity and egg size were evaluated from 31 ovigerous females. Number of eggs was estimated based on the gravimetric method. The egg number was determined using the following formula Prager et al., 1990) : F = n × (W 0 / X), where F represents the number of eggs, X stands for subsample weight (g), W 0 denotes the weight of the ovary (g), and n represents the number of eggs in the sample. After 40 or 50 eggs were gently removed from each ovigerous female for egg diameter inspection, diameter was measured with a calibrated ocular microscope with a micrometric scale at 0.01 mm sensitivity (Oh and Hartnoll, 2004) . Relative fecundity was calculated as F = (F / W) × 100. Fecundity , where F is fecundity, X is carapace width or weight, "a" is a constant, and "b" is an exponent (Parsons, 1988; Gunderson, 1993) .
The observed differences were evaluated statically using SPSS 22.0 and Student's t-test (Sokal and Rohlf, 1969; Düzgüneş et al., 1983) . The sex ratio of crabs was analyzed using the chi-square test (χ 2 ).
Results
A total of 1360 specimens were measured in the study period. The sex ratio of the samples was 1:0.42 (M/F), which was significantly different from the expected ratio of 1:1 (χ 2 = 237.3; df = 1; P < 0.05). However, it was determined that only 6.25% of females were ovigerous (Figure 2) .
The CW ranged from 3.0 to 9.0 cm (mean: 6.76 ± 0.03 cm) in males, from 3.45 to 8.3 cm (mean: 5.57 ± 0.05 cm) in nonovigerous females, and 3.55 to 7.85 cm (mean: 5.62 ± 0.1 cm) in ovigerous females. The mean body weight of males, nonovigerous females, and ovigerous females was found as 129.35 ± 1.59 g, 66.13 ± 175 g, and 77.04 ± 3.63 g, respectively (Table 1 ). The mean CW and W were significantly different between males and females (t-test; P < 0.05).
The CW frequency distribution of the individuals is given in Figure 3 . The highest number of crabs was observed in June whereas it was lowest in March ( Table 2 ). The monthly variations in mean CW were significantly different (t-test; P < 0.05).
The CW-W and CL-W relationships were determined for the sexes ( The mean C values were calculated as 39.72 for males and 37.31 for all females. The highest monthly C value was in March for males (40.6) and in July for females (39.06) ( Figure 5 ). The mean C values of males and females were significantly different (t-test; P < 0.05).
Ovigerous females (N = 85) were observed only between May 2012 and August 2012 with the highest proportion in June (15.46%) ( Figure 6A ). Gonadosomatic index values declined from 16.24% in May to 8.31% in August and then ovigerous females were not observed. The spawning period occurred between May and August ( Figure 6B) (Table 3) .
The relationship between F and CW was F = 81.521CW 2.650 (R 2 = 0.357), while between F and W it was F = 556.23W
1.163 (R 2 = 0.368) (Figure 7 ).
Discussion
The overall sex ratio of all individuals was calculated as 1:0.42 (M/F) with a significant deviation from the expected 1:1 ratio. The difference may result from its migration and water temperature. Males seem to be dominant compared with females according to the results of the present study. A similar sex ratio (1:0.43) was also reported for E. verrucosa from Karaburun by Erkan et al. (2008) . Frequency distribution of CW of E. verrucosa suggests that the number of male individuals increases with increments of CW classes. In this study, mean CL was determined as 4.92 cm for males and 3.98 cm for nonovigerous female crabs. Ulaş and Aydın (2011) reported the mean CL as 8.2 cm for males and 6.8 cm for female crabs collected from the Aegean Sea. The minimum recorded crab weight in the present study was 4.07 g, which was remarkably lower than the value of 74.6 g for E. verrucosa from the Aegean Sea (Ulaş and Aydın, 2011) . Erkan et al. (2008) reported that the minimum and maximum CWs were 7.10 and 9.3 cm for male and 5.8 and 8 cm for female E. verrucosa specimens collected Ulaş and Aydın (2011) in the Aegean Sea for E. verrucosa. Compared with our findings, weaker correlation coefficients (R 2 = 0.88 and R 2 = 0.63 for males and females, respectively) were obtained by Ulaş and Aydın (2011) . These discrepancies may have resulted from differences in study locations, water temperature, and salinity, as well as food availability.
Ovigerous females were observed only between May and August. The decrease in gonadosomatic index between May (16.24%) and August (8.31%) suggests that spawning takes place between these months. The number of eggs showed variations between developmental stages. Fecundity of 31 ovigerous females was calculated for stage I, stage II, and stage III as 111,054, 99,738, and 64,787 eggs/ind., respectively. A lower number of eggs was found in the more advanced embryonic stages for all sizes.
The F-CW and F-W relationships were determined as F = 815.21CW
2.651 and F = 556.23W
1.163
, respectively. There were low correlations between fecundity with CW (R 2 = 0.357) and crab W (R 2 = 0.368) in this species, but they still suggest that fecundity increases with the size of crabs. This variation may result from environmental factors such as predation pressure or difficult weather conditions. Due to predators and weather conditions eggs can break off from the abdomen with time.
Mean egg diameter was 546.36 ± 18.62 µm for stage I, 606.92 ± 15.92 µm for stage II, and 570.96 ± 9.22 µm for stage III eggs. Absence of a clear decreasing or increasing pattern in egg size with development stages may be a result of the limited number of ovigerous females available (N = 31). During field work, young individuals were observed among the marine plants in November and December. This behavior could be a form of hiding for protection from predators. Various broken Mollusca shells (up to 3 cm), especially from R. venosa, were also observed around the crabs' living area, consistent with the findings of a previous study (Micu and Todorova, 2007) .
Briefly, it is impossible for us to compare our present results with the literature due to the absence of prior studies in the Black Sea. The findings of this study, however, will Figure 7 . Fecundity-carapace width and fecundity-crab weight relationship of E. verrucosa (CW = carapace width; W = crab weight).
provide a starting point for future studies in the Black Sea on the fundamental biological characteristics of E. verrucosa.
